Facade fires being a disastrous hazard for high rise building, as several historical and recent incidents have shown, have attracted the interests of numerous fire scientists, engineers and regulators. This work has as an objective to present issues in this area that are challenging and need further attention. It focuses on characterizing the flame height and heat fluxes from facade flames produced from under-ventilated enclosure fires on a facade that is not flammable. Such an investigation is an important consideration for practical applications as well as a prerequisite for examining fire spread on flammable facades and for designing a test for modern facade assemblies. The mass pyrolysis rates and burning of real fuels are discussed in under ventilated enclosures, rectangular or corridor like, for various openings presenting the current state and some critical issues. Facade flames are analyzed from experiments using gaseous burners to have control on the fuel supply rate by introducing physical length scales for the opening geometries to model flame heights and heat fluxes. An important parameter for the facade flames is the excess heat release rate of the fuel burning outside the enclosure. Finally, applications for facade flames with sidewalls and facade flames from two openings are presented.
INTRODUCTION
It is a difficult task to provide due credit to previous work related to enclosure and facade fires. Almost all fire scientists and engineers have had an input in this area. For this reason, I have put two lists of references one that is probably exhaustive (Appendix A) and the other that is related directly to this paper. The latter list is dominated by work done by my group and collaborators in Japan (TUS, Professor Y Ohmiya) and in China (SKLFS, Professor Longhua Hu).
I also point out that I will not include a discussion and relation of the present work with spill plumes where a great difference is that the boundary conditions for the facade flows and flames are better defined especially if mainly under ventilated fires are considered as done here.
It is widely recognized that facade flames and fire spread (see Fig. 1 ) can create serious hazard in high rise buildings owing to three mechanisms of fire spread:
 Flames ejecting form a window can break the window above allowing ignition in the next floor (leap-frogging)
 Failure of fire stopping between the floor slab and the exterior wall, and  Heat flux impacts on the internal facade assembly (melting of metals, fire spread within insulation) allowing flames through
In order to design for mitigation of the facade fire spread hazard, one should be able to determine the size of the fire in the enclosure, the ejected facade flame properties (flame height and heat fluxes) and their impact on facade assemblies and building materials. The present paper addresses the enclosure fire and facade flames on an inert wall which are required to a) assess the impact , as for example , on fire resistance and flame spread on possibly flammable facade assemblies and b) provide inputs for the design of a reasonable facade test.
Figure 1 provides also an illustration of the contents of the present paper that consist of the next section on enclosure fires followed by a section on facade flames and then a section on applications of the methodologies, before we present conclusions and remaining challenges for fire safety engineering. In Fig.1 the extent of continuous and intermittent flame ejected from an enclosure fire is indicated where 0.4H is the neutral plane. 
ENCLOSURE FIRES

Mass Pyrolysis Rate
The main thrust of this section is a discussion of the mass pyrolysis rate inside an enclosure having an opening ( Fig. 1) as the conditions change from over ventilated (fuel controlled) to under ventilated (oxidizer flow) controlled. For the present purpose, we exclude other interesting phenomena inside the enclosure such as ghost flames, burning oscillations, extinction and re-ignition.
The basic behavior of the mass pyrolysis rate in an enclosure is shown in the sketch of Fig. 2 and in the corresponding data in Fig. 3 [1] for enclosure fires. Both figures show that as ventilation rate (proportional to decreases the mass pyrolysis rate per unit fuel area (A F ) first increases owing to radiation augmentation by the hot gases reaching a maximum and then becomes proportional to the ventilation rate for under ventilated conditions. A significant observation is that the slope of the straight line on the left hand side in Fig. 2 is nearly 0.1, as Kawagoe [2] first found, independent of the fuel type (e.g. its heat of pyrolysis) or the enclosure geometry as long as combustion inside the enclosure can be sustained. . [3] ) of enclosure fires claims to support this result but the physics of why is this so are not clear. We will come to this matter later but this is clearly is a challenge for fire research. In addition, the maximum of the pyrolysis rate in Fig. 3 is reached at stoichiometric conditions as Fig. 4 implies because the abscissa is the air inflow for stoichiometric combustion where S is the air to fuel equivalence ratio. We may summarize this section by providing the mass pyrolysis rate for under ventilated conditions as:
Here the area A of the opening is in square meters and the height H of the opening in meters. Fig. 3 . Experimental data for mass pyrolysis and ventilation in an enclosure for different fuels expressed per unit surface area of the fuel A F . Fig. 4 . Maximum pyrolysis rate from Fig. 3 is nearly equal to the stoichiometric requirements for the ventilation rate. The maximum pyrolysis rate is independent of the radiation properties of the fuel which will affect how fast this value is reached from its value at ambient burning. There is another remarkable discovery related to the mass pyrolysis rate in long corridors (see Fig. 6 ) as deduced from Fig. 5 for liquid pools [1] , namely the mass pyrolysis rate is one quarter of the mass pyrolysis rate in rectangular openings where Eq. 1 applies:
The factor of 2 accounts for the entrainment from both ends of the corridor. This ( slope 0.025 compared to 0.1) is another challenge we and other people try to address. 
Heat Release Rate inside the Enclosure for Under-ventilated Conditions
To address the case of facade flames, one has to be able to calculate the fuel burning outside an enclosure for under ventilated fires which present the major hazard for external fire spread in high rise buildings. First we notice that for under ventilated fires [e.g. 7 -9] the gas temperatures inside the enclosure away from the opening are nearly uniform. In this case, it has been shown [1, 10] 
and a range of applicability for enclosure gas temperatures between 900 to 1200 K. The gas temperatures (not explicitly presented here) inside the enclosure depend on the heat released inside the enclosure, the heat losses to the walls, and the convective and radiative heat losses through the opening [6, 9] . In the following presentation we will use Eq. 3 because it is applicable for the scenarios analyzed.
Subsequent to Eq. 1 it was proposed by several authors [4, 5] that the heat released inside the enclosure is just the heat released by the complete consumption of the oxygen of the incoming air which can be calculated by multiplying the mass air inflow by 3000 kJ/kg , the heat released by the oxygen in air:
(kW) 1500 50 . 0 3000 Steel Plate Gauge burning occurs (at about 13 minute) the HRR inside the enclosure remains constant and is given by Eq. 4 . One can also conclude from these experiments that the same energy is released inside the enclosure even after external burning occurs (at about 13 minutes) because the gas temperatures inside the enclosure [7, 9] do not change after under ventilated conditions establish (in about 8 minutes).
We can now determine the "excess" heat released outside the enclosure as the heat from the complete burning of the fuel minus the heat released inside the enclosure:
Here c H  is the heat of combustion of the pyrolysing material or the gaseous fuel when a gas burner is the source fire. For a pyrolysing material, Eq. 5 together with Eq. 1 provides the following excess HRR;
Here we have used also the relation between the air to fuel stoichiometric ratio S and the heats of combustion ( Turning now to facade flames, we inevitably stumble over the widely used Yokoi method [4, 10] for correlating the gas temperatures of the facade flames. Before we discuss why the Yokoi method should be replaced we note that using the excess pyrolysate (Eq. 5) we were able [7 -9] to correlate flame heights and heat fluxes to the facade wall using length scales associated with the flow at the exit of the enclosure.
The
The first length scale is related to the size of the opening required to accommodate the convective flow and the other two length scales are expressing the horizontal extension of the flow with or without flames outside the enclosure owing to the competition of horizontal momentum with the buoyancy. We note that the ratio of these two length scales , measurements and correlations are essential for the safe design of facade walls. One additional point to make is that the radiation from the facade flames does not depend on the type of fuel in the enclosure because the fuel is preheated to about 800 ˚C before exiting the enclosure thus always producing a lot of soot. 
CONCLUDING REMARKS
There are some major challenges for enclosure and facade fires which need explanation and more experiments:
1. The (total) pyrolysis rate for normal enclosures is given by Eq. based on experiments, but there is no explanation for these values. These relations are assumed to be valid for any fuel and any geometry. Daisuke et al.
[3] developed a global zone model that corroborates Eq. 1 supported also by his experiments. However, there is not a simple explanation through the equations in [3] . I propose that this behavior is due to radiation blockage near the surface of the fuel owing to pyrolysis gases. This radiation blockage is nearly inversely proportional to the concentration of pyrolysis gases in the enclosure which can be determined by the ratio of the mass pyrolysed to the air inflow: Therefore the mass pyrolysis rate should be The present results are being used for the rational design and interpretation of a test for facade assemblies that can represent well actual fuel loads and conditions for under-ventilated fires and also be economical. 
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